Seshadri's early education was in the local school and then in high school in the town of Srirangam which has one of the holiest temples in India. He then moved to the National College High School in the nearby Tiruchy city, where he was influenced by the high ideals of the deeply patriotic founders of the National School and College. For his collegiate education Seshadri entered the Presidency College in the metropolitan city of Madras in 1917; this was, and still is, one of the three great institutions of higher learning founded by the British soon after the middle of the nineteenth century, the other two being the Presidency College, Calcutta, and the Royal Institute of Science, Bombay. At the Presidency College, Madras, Seshadri became dedi cated to chemistry through the influence of a number of inspiring teachers, one of whom, Professor P. A. Narayana Iyer, he always held in the highest esteem. The cost of living in metropolitan cities was relatively very high even in this early part of the century and the merit scholarship that Seshadri received could not quite relieve the financial strains on the family. He therefore had to seek additional help and this he obtained from the Ramakrishna Mission, founded in memory of the great mystic saint of modern renascent India, Sri Ramakrishna Paramahamsa. This non-sectarian and non-denominational insti tution was based on the cardinal principles of the divinity of man and the importance of a spiritual approach in the lives of individuals and communal relationships. Ramakrishna Missions exist, and carry out these principles, in many important centres in India and other countries; work of a very high order is carried on with emphasis on culture, and the harmonizing of science with the pronouncements of the ancient Indian thinkers, work which finds expression in the running of schools, colleges, students' homes and hospita s. It was one such, the Ramakrishna Mission Students' Home at Madras that accepted Seshadri as a resident student when he was studying at the Madras Presidency College. The simple living, the discipline and the high thin ing that he found in the Students' Home reinforced the traits that had already been formed by his family background and his previous education in distmguished schools, traits that showed themselves during all his life-his dedica tion to work, eager thirst for knowledge both scientific and spiritual, respect for genuine differences of opinion, a sense of social responsibility, sympat y for the needy and compassion for the weak and absence of the element of selfinterest, all of which made him into a very unusual combination of scientist, humanist and spiritualist. , After receiving the honours degree in chemistry of the University of Madras, Seshadri worked in the Ramakrishna Mission for one year, helping in the organization of their newly started Residential High School. Later he worked for three years in the Chemistry Department of the Presidency College, Madras, as a University Research Scholar under the guidance of the late Dr B. B. Dey, Professor of Organic Chemistry. The work was partly on Indian medicinal plants and partly on coumarins and its merit received special recognition from the University of Madras by the awards of the Sir William Wedderburn and the Curzon Prizes. 1927 -30 In 1927 Seshadri secured an Overseas Technical Scholarship from the University of Madras and this enabled him to proceed to the University of Manchester to work under the Professor of Organic Chemistry, Robert Robinson, whose research school was attracting workers from all over the world. When in the following year Robinson moved to the Chair of Organic Chemistry at University College London, Seshadri accompanied him. Seshadri s Ph.D. thesis, accepted by the University of Manchester, was on the subjects of (1) search for new antimalarials, (2) synthesis of anthocyanins. Seshadri cherished his entry into the Robinson school of research as the most important event in his career, and he would often say that through this he had become a member of the great Perkin family of organic chemists. Seshadri's personal loyalty to Professor Robinson was intense and was reciprocated. In a message for the special commemorative volume on the occasion of Seshadri's 60th birthday in 1960 Robinson wrote as follows:
'Even if Professor Seshadri were known to me only as an author of original memoirs in the Chemical Journals, I would be gratified to have this opportunity to add my tribute to his fertility of ideas, his technical skill in execution and his qualities of energetic drive and wise planning. His original researches have indeed given him world-wide recognition and he is unsurpassed in the experimental survey of the groups of natural products on which he has concentrated his attention. But to me he is no mere name in the literature; I have enjoyed the inestimable privilege of following his development almost from the beginning. His work in my laboratory, especially on the synthesis of anthocyanins, was of the highest calibre and went far to encourage us to pursue the attack in this difficult region of synthesis. It is not appropriate here to recount the outstanding achievements to the credit of Seshadri and his school; that is the purpose for which this volume is dedicated. Suffice it to say that we do homage to a most sincere scientist of unassailable integrity, a brilliant and devoted teacher and a most generous friend.'
After receiving the Ph.D. degree of the University of Manchester and before returning to India, Seshadri worked for brief periods in other important chemical centres in Europe. He spent some months in Graz in Austria learning organic micro-analysis in the laboratory of Professor Fritz Pregl, the father of quantitative organic micro-analysis. This new technique, more than any other introduced at that time and indeed for many years after, made possible much of Seshadri's later work on plant products where frequently only a few milligrams of pure material could be made available for analysis. Seshadri also spent eight months at the University of Edinburgh with Professor George Barger where he worked on the chemistry of retrorsine, and for a shorter period in the laboratory of the Chief Agricultural Analyst to the county of Fife, where he learnt methods of agricultural analysis.
M adras, A n d h r a U n iv e r s it y , t h e w a r yea r s, 1930-49 Seshadri returned to India in 1930 at the conclusion of his foreign training. The country was then caught up in the worst economic depression the world has ever seen, and in addition it was rocked by country-wide political agitation in a bid for freedom from colonial rule. Patriotic mass demonstrations which were countered by severe governmental repression were the order of the day. Openings to a career of one's liking were extremely rare for qualified scientists. Discarding other possibilities of employment in more lucrative positions, Seshadri preferred to become a Research Fellow in the University of Madras, and after some months took a government research post in the Agricultural Research Institute at Coimbatore in the Madras State as Soil Analyst. Although this institution offered him the opportunities to get acquainted with different aspects of agri cultural science, particularly plant chemistry and plant protection, an opportunity which he valued very much, scope for fundamental work was not enough. Hence when, three years later, an opportunity arose to join a university, Seshadri left government service in the agricultural department and joined the Andhra University at Waltair in South India as Senior Lecturer and Head of the newly opened Chemistry Department. The new department called for a great deal of organizational work; laboratories had to be built and equipped, courses of study had to be framed, and naturally research facilities could not be provided for some considerable time. Nevertheless, within a few years Seshadri had built up a fine department befitting any progressive university. In this task he received the unstinted support of two eminent men who were successively the ViceChancellors of the Andhra University, Sir S. Radhakrishnan, who later became President of India, and Sir C. R. Reddy, and Seshadri often expressed his gratitude to these two Vice-Chancellors. It was characteristic of Seshadri that while the laboratories were under construction, he used to rush on a bicycle to the Biochemistry Department of the Andhra Medical College at Visakhapatnam, three miles away, to do his own research, facilities provided generously by Dr V. K. Narayana Menon, Professor and Head of the Department of Biochemistry of the Medical College. In 1934 Seshadri was appointed to a Readership and in 1937 was made Professor of Chemistry at the Andhra University, and his ability and enthusiasm began to attract young research workers to his department. In this same year he was also given the responsibility of looking after the University Department of Chemical Technology when the erstwhile head of the department left. The financial resources of the two departments were extremely small by present day standards, but by prudent and wise husbanding they were stretched to the limit, and served to sustain the activities of a number of research workers. The year 1937 was also that in which Seshadri laid the beginnings of the future Department of Pharmaceutical Sciences of the Andhra University.
Among those who received research training under Seshadri in these early days and who were later appointed to posts of distinction may be mentioned K. Neelakantan (Professor at the Andhra and Annamalai Universities and Sri Venkateswara University), S. Rangaswami (Professor of Pharmaceutical Chemistry at Andhra and later of Chemistry of Natural Products at the University of Delhi), P. S. Rao (Director of the Forest Utilization Laboratory at Bangalore), G. V. L. N. Murthy (Head of Analytical Division of the Tata Iron and Steel Company at Jamshedpur in the State of Bihar), L. R. Row (Professor and Head of the Department of Chemistry, the Andhra University), the late N. V. Subba Rao (Professor of Chemistry at Osmania University, Hyderabad) and V. Baliah (Professor of Chemistry at the Annamalai University and later Vice-Chancellor of the Nagarjuna University, both in South India).
The departments that Seshadri was building up were beginning to take shape when World War II broke out, and supplies of chemicals and apparatus from Europe, on which educational institutions in India had largely to depend, became more and more scarce. In 1941 came the restrictions on lighting as a precaution against air-raids, and laboratory work in the evenings had to be curtailed. Towards the close of the academic year 1941-42, the harbour at Visakhapatnam, about four miles from the University campus, was bombed by Japanese war planes and this necessitated the evacuation of the entire town of Visakhapatnam including Waltair, the site of the University campus. The University buildings were commandeered by the Defence Department and the laboratories so laboriously built up over the years were dismantled and transformed into a mili tary base hospital. All the university teaching departments and administrative offices were moved to a relatively safe inland location, Guntur, about 300 miles south, and accommodated in whatever buildings could be rented and in hastily put up sheds. The practical work of the science departments was accom modated in the science laboratories of two local colleges. This arrangement was indeed a very poor substitute for the facilities left behind at Waltair, and experience of one year at Guntur showed that they were grossly inadequate for chemistry teaching and research, and the chemistry department of the Andhra University was therefore shifted to , consisted of a group of constituent colleges but had no teaching departments of its own. The early forties saw some growth but it was only after a visionary in the person of Sir Maurice Gwyer, the Chief Justice of India, became its Vice-Chancellor that real progress was made. In 1949 Sir Maurice Gwyer took the major decision that postgraduate teaching and research should be organized in the science departments of the University, and to this end he invited the best men then available in India to take charge of the various departments. Sir Maurice saw Seshadri as the man for chemistry and the invita tion to take charge of the Chemistry Department and to build up a worthy school of chemistry was accepted by Seshadri. Unfortunately, this proposed move to Delhi was not welcome in all quarters, and even after he took up the Headship of the laboratories in June 1949, petty opposition continued for some time. These difficulties were, however, faced by Seshadri with characteristic determination and strength of character, and finally orderliness and harmony were established in the department which soon became perhaps the most active centre in the country devoted to the pursuit of knowledge of the chemistry of natural products.
In these endeavours Seshadri received the full support of Sir Maurice Gwyer and of succeeding Vice-Chancellors.
The build-up of the Department of Chemistry was for some time hindered by lack of funds to purchase expensive physico-chemical instruments such as ultra violet and infrared spectrometers, but Seshadri's work attracted a generous gift for this purpose from the Wheat Loan of the United States, and enabled the work to move abreast of research in the western world. But the best equipment was really the human material. A large number of gifted and highly motivated young men and women rallied round him and to them Seshadri set the pattern not only for chemistry but also for dedication. They forgot the clock and gave up holidays and vacations in order to follow their teacher whose aim was to make his depart ment one of the best centres in the world for natural product chemistry. The laboratories were open from early morning till late at night and Seshadri was always there to advise students when they were in difficulties. It was a common saying that he had no home or social life, he was always in the laboratory. Students staying late were invariably given a lift and taken to their hostels. Sustained work by these competent and dedicated young scientists led to a flow of high quality publications which appeared in Indian scientific journals, in the Journal of the Chemical Society of L o n , in Tet Tetrahedron. The nineteen-fifties were particularly productive and in 1960 Seshadri was elected to the Fellowship of the Royal Society of London. This was also the year when he reached 60 years of age, and his election was a fitting recognition of two decades of distinguished work.
In 1962 the University Grants Commission of India, a government body charged with the responsibility of regulating and promoting higher education in the country, took a major decision to give official recognition to centres with a record of sustained high quality work by designating them as Advanced Centres of Study. They were given substantial financial assistance to encourage and support men of high quality to undertake research at these centres, both as permanent members and as holders of temporary fellowships. Generous funds were also given for the purchase of expensive equipment and to meet running expenses, and in addition aid was also received from the U.S.A., the U.S.S.R. and the U.K. largely in the form of equipment but also in part to aid the exchange of scientists. The Department of Chemistry of Delhi University was chosen to be the Advanced Centre for the Chemistry of Natural Products and Seshadri was designated as its first Director. It was in connection with the organization of this Advanced Centre that Delhi University invited the Indian author of this memoir to join the Delhi University group. Much has been achieved by the Centre in the field of the chemistry of natural products ever since it came into existence.
Biographical Memoirs
A ctive retirem ent at D e l h i, In 1965 Seshadri reached the retiring age of 65 and he was thereby relieved of all formal administrative positions and responsibilities, but the University did him the signal honour of making him its first ever Emeritus Professor and con tinued to provide him with the facilities for research. His standing as the only chemist Fellow of the Royal Society in India led many science funding agencies to entrust him with research projects in which they were interested, for example the Council of Scientific and Industrial Research, the Indian Councils of Medical and Agricultural Research and the Indian National Science Academy. These projects brought manv young scholars to work with Seshadri and generous funds for non-recurring and recurring expenses. In addition, other talented young students joined Seshadri's teams with scholarships from the Council of Scientific and Industrial Research. This post-retirement period proved one of the most fruitful in Seshadri's very active life, in spite of a serious heart attack early in 1965 from which he never completely recovered, but his dedication to chemistry was such that he continued to guide and to take active part in research for almost the next ten years.
Seshadri was one of the few who firmly believed that science alone cannot solve all the problems of life and he took keen interest in moral and spiritual education. He, along with Swami Ranganathananda then chief of the Delhi Unit of the Ramakrishna Mission, started the Delhi University Vedanta Samiti, which held regular Sunday morning sittings at which spiritual matters were discussed with the help of ancient spiritual texts of India and explained in terms of modern scientific concepts, and he encouraged all his students to participate in the activities of this group. Seshadri was emphatic that the academic community had a special and unique responsibility to society, but that at the same time academic achievements divorced from ethical, moral and spiritual foundations were not enough. Yet in spite of his endeavours and personal example Seshadri was saddened in the last years of his life by small mindedness and criticism shown by some of those whom he had done so much to help, but he may well have reflected that such disappointments have usually had to be borne by visionaries. Nevertheless, Seshadri's devotion to his students went far beyond guiding them in research at the laboratory bench; he helped them to express themselves lucidly both in writing their theses and in giving accounts of their work before critical audiences, and he helped them to secure suitable posts when they left the University, and even helped them financially whenever the occasion called for it. The admiration and respect in which Seshadri was generally held by his students and by chemists throughout the world was marked by celebrations on his 60th, 65th, 70th and 75th birthdays. Funds were raised to endow medals and prizes at the Universities of Andhra and Delhi, and two important volumes were brought out on Seshadri's 65th and 70th birthdays. The former, Advancing frontiers in the chemistry of natural p r o d u c t s , contained ninetee buted by former senior students in their respective special areas; the latter volume, Some recent developments in the chemistry of natural products, contained nine articles contributed by Indian chemists unconnected with Seshadri's school and sixteen articles by chemists of other continents.
Almost to the end of Seshadri's life his long and mature experience as a chemist and scientific investigator was sought and utilized by the Government of India. He served on the Pharmacy Council of India, on the Indian Council of Medical Research, and he held various offices under the Committee for Scientific and Industrial Research including the Regional Research Laboratoiies at Jammu and Hyderabad. Also under these bodies and of the U.G.C. and the Indian Council of Agricultural Research he was chairman of several Expert Committees. For the wider needs of Government his services were sought and given to the Indian National Committee for Chemistry, to the Ministry of Defence, the Department of Atomic Energy, the Scientific Advisory Committee to the Cabinet and to the Committee of Science and Technology. For some time he was con sultant to Unesco.
Seshadri was honoured in many ways by scientific bodies in India. He had been a President of the Indian Chemical Society, Chairman of the North Indian Section of the Royal Institute of Chemistry, a Vice-President of the Indian Academy of Sciences, Bangalore, and President of the Indian National Science Academy and of the Indian Science Congress Association. He had held special lectureships at several Indian Universities, honorary professorships at the Universities of Andhra and Osmania, and received honorary doctorates at the Universities of Andhra, Benares, Delhi and Osmania. He was the recipient of two important medals of the Indian National Science Academy, the Shanti Swarup Bhatnagar Medal and the Meghnad Saha Medal.
After his formal retirement in 1965 Seshadri was given the unusual privilege of continuing his researches as previously with full use of laboratories, adequate funds and authority to act as supervisor of students for higher degrees. He had refused previous offers of more lucrative positions of prestige saying that he wished to remain a university man, active in the laboratory and satisfied if his work enabled him to live simply. For seven years, which proved among the most fruitful of his career, conditions of work and the researches themselves con tinued smoothly, but in 1972 new regulations of the Delhi University prevented him from receiving any salary or honorarium, any research projects and associated funds, and prevented any graduates from registering with him for a Ph.D. degree. Seshadri was thus reduced to a position without young scholars, research grants or salary, and in spite of his courage and spiritual strength, his health became seriously affected. Further heart trouble afflicted him in 1973 and he died in hospital in September 1975 two days after an operation for a gastric ulcer.
Seshadri's influence on the development of organic chemistry in India can scarcely be over estimated. Many of those who worked with him became leaders of research both in India and elsewhere, among whom may be mentioned Professors V. V. S. Murti, S. K. Mukerjee, A. C. Jain, S. Neelakantan, G. B. V. Subramanian, V. K. Ahluwalia, S. Rangaswami and Dr Varadarajan and Dr K. Aghoramurthy. More than 150 successful candidates for the degree of Ph.D. were trained in Seshadri's laboratories and this has had a pronounced effect on standards of work throughout the country. Seshadri's published work is con tained in over 1100 original papers, this remarkably large number arising from his practice of publishing positive results of research almost as soon as they were made, in part to encourage his many collaborators and to help to find suitable posts in industry and teaching. The Bibliography at the end of this memoir lists only some of the more important papers, but a complete Bibliography has been compiled and deposited in the library of the Royal Society.
S c ie n t if ic w o rk
The most important contributions of Seshadri and his school have been in the area of the heterocyclic oxygen compounds of plants. They began with the isolation and determination of structure of the flavonoid pigments of Indian plants, both aglycones and glycosides. Methods of methylation were developed to facilitate the degradative study of the aglycones and to gain insight into the structure of the glycosides. In order to synthesize new members having a higher degree of oxygenation, methods had to be evolved for introducing more hydroxyl groups into various positions, and the converse procedure for removal of hydroxyl groups was also worked out. Methods of partial methylation and demethylation were evolved as part of the general strategy. These studies were extended from flavones and flavonols to isoflavones, flavanones, chalkones, aurones, isoflavanones, dihydroflavonols, xanthones and anthraquinones, involving plant materials of numerous families and genera. Methods of total synthesis and interconversions in these areas were also elaborated to include natural compounds containing C-methyl and C-prenyl groups, furan and chromene rings and combinations of these.
The elusive flavandiols, called proanthocyanidins by Freudenberg and leucoanthocyanidins by Seshadri, and the catechins and tannins received considerable attention by Seshadri, as did also many coumarins, halocoumarins, 3-and 4-phenylcoumarins and related compounds. Other groups of compounds derived from flavonoids or coumarins and characterized by the presence of an additional ring resulting from an oxide bridge connecting the pyrone ring and the side phenyl ring, the biflavonoids and flavanolignans, afforded areas of study. Seshadri became deeply involved with the rational utilization of natural resources such as medicinal, poisonous, dyestuff and insecticidal plants of the country. Intensive work was carried out on Psoralea corylifolia, Pongamia , species of Dalbergia, Pterocarpus, A c a c i a , Morinda, , Cassia, Citr Pinus. Seshadri also made an extensive study of the lichens of India; many of their chemical components were intensively investigated and synthesized. He pro pounded biogenetic theories on almost all the groups of compounds on which he had worked, and collated Raman, infrared, nuclear magnetic resonance (n.m.r.) and mass spectral data.
In his post-retirement years new areas of investigation covered terpenoids, steroids, alkaloids and saponins. Also with the availability of new techniques requiring very small quantities of products and new spectral methods many plant materials, which had been examined earlier by classical methods, were re investigated, leading to publications dealing with the minor components of plant materials.
Methylation of anthoxanthins and glycosides
Seshadri's work at the Andhra University during the mid-thirties was con cerned with the examination of the flowers of several species of cotton ( Gossypium) plants (family Malvaceae). The studies were later enlarged to cover other genera of the Malvaceae family, H, individual compounds of the anthoxanthin group were isolated both as free aglycones and as glycosides. The aglycones were studied by classical methods such as alkaline or oxidative degradation, but it was found advantageous to use the methyl ethers, since this enabled easier isolation and recognition of the degradation fragments. Method s of methylation therefore became very important, particularly in the investigation of glycosides. The methylated glycosides, on hydrolysis with acid, yielded the aglycone with all hydroxyls methylated except those which were involved in linkage with sugars. The resulting partial methyl ethers were in turn degraded and the fission products identified, thus enabling the structure of the glycoside to be deduced. A refinement was introduced by ethylating the hydroxyl group or groups liberated on hydrolysis of the methylated glycoside; the resulting mixed ethyl methyl ether of the aglycone could be more satisfactorily studied since the isolation and recognition of its fission products were easier.
Earlier methods using methyl iodide or diazomethane for methylation of anthoxanthins and their glycosides were not entirely satisfactory, and so Seshadri developed the use of dimethyl sulphate and anhydrous potassium carbonate in boiling acetone, by which method complete methylation of all phenolic hydroxyl groups, including the chelated one at the 5-position, could be achieved. For ethylation, ethyl iodide or diethyl sulphate was used along with potassium carbonate. The study of gossypin, the 8-glucoside of gossypetin, provides a good example of the employment of these techniques (192) . In subsequent studies it was found that the hydroxyl group at the 7-position of flavonoids was more acidic than the others because of the influence of the carbonyl group of the heterocyclic ring, and hence it could be selectively methylated by suitably adjusting the conditions. Methylation with one molar ratio of dimethyl sulphate and anhydrous sodium bicarbonate led to the clean formation of the 7-methyl ether.
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Oxidative demethylation and selective Oxidative demethylation in flavonoids, as developed by Seshadri, consists of the formation of a 5,8-quinone by reaction of moderately concentrated nitric acid on the monomethyl or dimethyl (or diethyl) ether of a 5,8-dihydroxy compound (225). The quinone is the same as the product of the 'gossypetone reaction'-the oxidation of 5,8-dihydroxy compounds with />ara-benzoquinone or silver oxide. The method was developed as an elegant synthetic tool for the determination of the structure of many natural substances, e.g. gossypin (192) and the quinochalkones of Didymocarpus pedicellata, and has been extended to substances the structures of which are not otherwise easily accessible, e.g. carthamidin and norkhellin. Selective demethylation of polymethylated flavonoids with anhy drous aluminium chloride proved very useful; its action depends on the re action medium (250, 416, 481) .
Nuclear oxidation and reduction
The development of methods of nuclear oxidation and reduction was a natural corollary to the isolation of a large number of anthoxanthins with varying oxy genation patterns. These were needed to provide synthetic support to structures deduced from degradative studies and also to enable acceptance or rejection of theories of biogenesis of flavonoids and related compounds based initially on speculation. Two methods were used to introduce a hydroxyl group para or ortho to an existing hydroxyl group in flavonoid precursors (chalkones) and in the flavonoids themselves. Potassium persulphate in alkaline medium was employed to introduce a />ara-hydroxyl group (Elbs persulphate oxidation). Introduction of a hydroxyl in the ortho position proceeded in two stages; orf/zo-formylation by heating with hexamine in acetic acid (Duff reaction), or by the Gattermann reaction, was followed by treatment with alkaline hydrogen peroxide (Dakin oxidation). For example, />ara-oxidation at the chalkone stage was applied in the synthesis of the chalkone pedicin and its allies that occur in the leaves of Didymocarpus pedicellata and in the quercetagetin group of flavonols. Paraoxidation was also employed in the synthesis of 5,7,8-trihydroxy compounds, gossypetin, herbacetin, hibiscetin and wogonin. The rare group of 5,6,8-trihydroxyflavones and flavonols became available by the oxidation of the 5,6-dihydroxy compounds. Starting from 5,6,7-trihydroxy compounds, the 5,6,7,8-tetrahydroxyflavones and flavonols (176, 201) and methyl ethers thereof, like calycopterin (180, 201) and nobiletin (223, 257) were synthesized. Paraoxidation was extended to the nucleus of the phenyl substituent in the synthesis of 6'-hydroxymyricetin (286) and oxyayanin-A (699) and to some flavanones. Para-oxidation was also used to convert visnagin (a furanochromone) into the more useful khellin (300).
Ortho-oxidation was widely employed in the synthesis of 5,6-dihydroxyflavonols (147) and 6,7-dihydroxyflavonols(152). Some naturally occurring partial methyl ethers like melisimplin, melisimplexin and oxyayanin-B (462) were synthesized by this method. OrPzo-oxidation was also utilized in the syn thesis of the lichen acid diploschistesic acid from lecanoric acid (527). Reference may also be made to Seshadri's syntheses of 6,7,8-trihydroxyflavones (165) and of 5,6,7,8-tetrahydroxyflavonols (168) , and to a summary of the results of the earlier years of studies in nuclear oxidation that was published (232, 262). A combination of p a r a -a nd orPzo-oxidation was employed for preparing fumigatin (a benzoquinone), phthiocol (a naphthaquinone) and aurantiogliocladin (an anthraquinone), among others.
Nuclear reduction was achieved in the laboratory by selective tosylation of the hydroxyl to be reduced and hydrogenolysis of the tosyl ester; the ease of reduction is in the order 7, 5, 3', 4 \ Nuclear reduction was implicated in the biogenesis of several members of the flavonoid group (363, 369, 365) . Some flavonols have also been converted into the corresponding flavones by hydrogenolysis of the 3-0-tosyl derivative over Raney nickel (742). The bioconversion of mangiferin (l,3,6,7-tetrahydroxyxanthone-2-C-glucoside) to euxanthic acid (1,7-dihydroxyxanthone glucuronide) in the cow indicates in vivo nuclear reduction. Complete removal of hydroxyl groups was also achieved by this method (370). A combina tion of nuclear oxidation and reduction was used in the synthesis of polygalaxanthone-B (831).
R e d u c t i o n , hydrogenation and dehydrogenation
Reduction of flavonoids was studied in detail by Seshadri in connection with the structure and stereochemistry of flavandiols (leucoanthocyanidins) and catechins, employing catalytic reduction and reduction with lithium aluminium hydride and sodium borohydride. These reagents reduce the carbonyl group and saturate the double bond in the pyrone ring. Alkaline sodium dithionite reduces only the double bond; quercetin, for example, gives taxifolin without by products. Dehydrogenation of flavanones to flavones was standardized, selenium dioxide being found to be the best reagent (466). The use of iodine is less simple. When a flavanone is boiled with iodine and silver acetate in ethannl, the 3-iodo compound or the 3-O-acetate is obtained. The former yields the flavone on boiling with pyridine; the latter on heating with alkali or preferably with acid.
Anthocyanins, leucoanthocyanidins and quinonoid anhydro-hases
Part of Seshadri's Ph.D. work under Robert Robinson at Manchester was on the synthesis of anthocyanins. Of the four glucosides of pelargonidin chloride, the 3-glucoside (calistephin) had been synthesized by Robertson and Robinson, and Seshadri synthesized the remaining three. In the fifties an intensive study of anthocyanins in the Delhi University laboratories covered the flowers of many garden plants and trees, forest trees and many edible fruits and agricultural crops. The main work was however with the leucoanthocyanidins and with the quino noid bases which had eluded precise understanding for decades. These studies are elaborated in the following paragraphs.
Seshadri's work on the anthocyanins, using a wide variety of techniques, is recorded in three papers (364, 426, 588) . The leucoanthocyanidins are difficult to isolate and crystallize. The first to be obtained in a crystalline form was melacacidin by King and Bottomley who showed that it was a flavan-3,4-diol with other hydroxyls at the 7,8-and 3',4'-positions, and it is now known that all leucoanthocyanidins are flavan-3,4-diols. They readily undergo self-condensa tion to insoluble, amorphous polymers that constitute the non-hydrolysable tan nins; the condensation involves the 4-position of one unit and most commonly the 8-position of another. Mild acid treatment can also convert the leucoanthocyanidin into a flavylium salt, involving the elimination of a hydride ion from position 2 of the flavandiol. A convenient method used in the Seshadri laboratories for isolating the leucoanthocyanidins was to extract the plant material with cold acetone (or cold methanol for higher oligomers), remove the solvent in the cold, and precipitate the proanthocyanidins (monomers, dimers, etc.) with light petroleum. The amorphous precipitate, if homogeneous, was crystallized, but was otherwise acetylated or methylated. Boiling the leucoanthocyanidin with dimethyl sulphate and anhydrous potassium carbonate in acetone gave methyl ethers with methylated phenolic groups but free alcoholic groups which can be acetylated. These crystalline products were degraded to recognizable fragments from which the structures of the parent compounds could be inferred. The flavylium salts that result from boiling leucoanthocyanidins with acid were extremely useful in survey work in arriving at the pattern of substitution in the parent diol (544), and quantitative periodate titration gave valuable indication as to whether the substance was a monomer, dimer, trimer or tetramer. By these methods many plant materials, e.g. eucalyptus kino, butea gum, 'Karada' bark, areca nuts and the wood of Cedrela toona, were examined and many sources of leucopelargonidin, leucocyanidin and leucodelphinidin were found. Monomeric, dimeric, trimeric and tetrameric procyanidins were isolated (857).
H OH OCH Flavan-3,4-diol Carajurin
The formation of anthocyanidins by reduction of flavonols (Willstatter; Robinson; King and White) was utilized by Seshadri as a convenient route to flavylium salts. Cyanidin chloride was obtained in good yield from (+ )-catechin and ( -)-e/>f-catechin (479), from taxifolin (dihydroquercetin) by boiling with sodium acetate and acetic anhydride and subsequent treatment with hydro chloric acid (545), and from ( -)-£/>f-catechin acetate by oxidation with Nbromosuccinimide followed by acid (951). Oxidation of the tetramethyl ether of ( -)-^)/-catechin with dimethylsulphoxide gave cyanidin tetramethyl ether (951). Flavylium salts without a hydroxyl in the 3-position (gesneridin type) were obtained from flavanones and from dibenzoylmethanes by reduction with sodium borohydride followed by boiling with hydrochloric acid (568, 612) .
When the pseudo-base of a 7-hydroxyflavylium salt, e.g. 2,7-dihydroxyflav-3 ene, undergoes loss of water involving the hydrogen of the 7-hydroxyl and the hydroxyl at the 2-position, a coloured, conjugated quinone methide results. Two such natural quinonoid anhydro-bases are carajurin and carajurone present in the cosmetic carajura (chica red) prepared from Bignonia chica. They are related to scutellarein (5,6,7,4'-tetrahydroxyflavone). The pseudo-base of the corresponding anthocyanidin, scutellareinidin, loses water to yield the red quinone base carajuretin, which can also be obtained by demethylation of the natural substances carajurone which is its 4'-0-methyl ether, or carajurin which is its 5,4'-di-0-methyl ether. The structure of carajurin proposed by Robinson in methoxybenzaldehyde condensed with 4-methoxyacetophenone and hydrogen chloride to yield a flavylium chloride which when treated with sodium acetate gave the anhydro-base carajurin (348, 367, 388) .
C-Methylation and C-prenylation
Many natural C-methylated benzopyrones are known and were early studied by Seshadri, and the work was later extended to the C-prenylated compounds which may occur in cyclized forms. Extended work on direct C-methylation covered flavones, flavonols, chalkones, flavanones (499), isoflavones, xanthones (872) and coumarins, and led to the synthesis of eugenetin, iho-eugenetin, isoeugenitol, />mo-quercetin, angustifolionol and strobochrysin. C-prenylation was studied in the late sixties and early seventies. Y»Y"Dimethylallyl bromide gives some C-prenyl derivatives when reaction is carried out in the presence of methanolic sodium methoxide (892), but only the C-prenyl compound when butyl lithium in benzene is used. 2-Methylbut-3-en-2-ol in the presence of boron trifluoride etherate was also extensively used to achieve C-prenylation (924). C-Prenylation was successfully achieved with many suitably substituted benzo-a-pyrones and benzo-y-pyrones (923, 964). The initial o-hydroxyprenyl derivatives could be cyclized by acid to yield 2'-isopropyldihydrofurans or 2',2'-dimethyldihydropyrans; these could be dehydrogenated to the isopropylfurans or dimethylpyrans. With gallacetophenone, prenyl units entered the 5-and 2 -positions leading to the 2,2-dimethyl-3-prenyl-6-acetyl-7,8-dihydroxybenzochroman shown below (1028). 
C H ,-CO
Studies on the Wesseley-Moser rearrangement
Seshadri's work added considerably to our knowledge of the rearrangement of 5,8-dihydroxyflavones to the 5,6-isomers and of 5,7,8-trihydroxyflavones to the 5,6,7-isomers (297) which occurs during demethylation of the methyl ethers with hydriodic acid. This is the Wesseley-Moser rearrangement, involving the opening and closing of the pyrone ring. The study led to syntheses of muningin (535) and hinokiflavone (903). A remarkable case of a double Wesseley-Moser re arrangement was observed with a/Zo-khellin (7,8-dimethoxy-5,6-2,,3 -furano-2-methylchromone) in which both the chromone and furan rings open when heated with hydriodic acid and cyclize in a different direction; the product was nor-isokhellin (5,6-dihydroxy-7,8-2',3'-furano-2-methylchromone) (1012).
Furanochromones, c h r o m e n o c h r o m o n e s
, Furanochromone, chromenoflavone and furanochromenochromone structures are present in many substances having physiological activity. The first substance in this group that came to the attention of Seshadri was karanjin from the seed oil of Pongamia glabra, whose structure had been established by Spath as 3-methoxyfurano-(2',3'-7,8)-flavone. In connection with its synthesis Seshadri developed methods for construction of a furan ring on to chromones, flavones, coumarins, etc., and conversely of an a-or y-pyrone ring onto a benzofuran. In the case of karanjin itself, 3-methoxy-7-hydroxyflavone-8-aldehyde was con verted into the phenoxyacetic ester, and subsequent cyclization, hydrolysis and decarboxylation gave karanjin (289). A similar method was followed for the synthesis of the linear furochromene khellin (the active principle of Ammi visanaga), 2-methyl-5,8-dimethoxyfurano-(2',3'-7,6)-chromone. From 2-methyl-5,7-dihydroxychromone the 7-O-acetic ester was prepared, another hydroxyl was introduced into the 8-position by p a r a -o xidation, and a form 6-position. Cyclization of the 5,8-dimethyl ether with acetic anhydride and sodium acetate was accompanied by decarboxylation and yielded khellin (259).
Another method was to start with the appropriate phenol, prepare its allyl ether, and to subject the ether to thermal migration to get the o-allylphenol. Ozonolysis yielded the o-hydroxyphenylacetaldehyde which on boiling with polyphosphoric acid cyclized to the simple furan. Ring closure of the hydro bromide of the allyl derivative by boiling with pyridine led to the formation of the ot-methyldihydrofuran (497). Dehydrogenation to the a-methylfuran was effected by treatment with A^-bromosuccinimide in presence of traces of benzoyl peroxide (474). The natural occurrence of a,a-dimethylchromenes led Seshadri to synthesize such compounds by cyclization of phenol-1,1-dimethylpropargyl ethers by heating in boiling dimethylaniline; the angular isomers are the major products.
Chromeno-(3',4,-2,3)-chromone
For synthesizing chromeno-(3',4'-2,3)-chromones of the rotenoid group, Seshadri adopted a biogenetic approach. The chromeno ring was considered to result from dehydration between the hydroxymethyl group at position 2 and the hydroxyl at position 2' in a 2-hydroxymethyl-2'-hydroxyisoflavone. A 2'-hydroxyl group was provided in some cases by introduction into the isoflavone by ^)«m-oxidation. The hydroxymethyl group at the 2-position was made from a 2-methyl group by the action of A^-bromosuccinimide followed by hydro lysis. Elimination of water between the hydroxymethyl group and the 2'-hydroxyl group was achieved by boiling in acetone solution with anhydrous potassium carbonate, the product being the required chromenochromone (336). In a later procedure a deoxybenzoin with a hydroxyl group in the 2-position ot the phenyl ring and a methoxy group in the 2'-position of the benzyl ring was treated with ethoxyacetyl chloride in pyridine giving a 2-ethoxymethyl-2 -methoxyisoflavone. Boiling with hydrobromic acid in acetic acid liberated the two hydroxyl groups enabling subsequent cyclization to the chromenochromone by boiling with acetone and potassium carbonate (418, 497) .
Studies of some c h a l k o n e s , flavanones and isoflavanones
The structures previously assigned to a considerable number of plant products were revised by Seshadri and his co-workers, and the new structures confirmed by synthesis in many cases. Among them the following may be briefly mentioned. Butrin, from
Butea frondosa,was shown to be the 7,3'-di-0-glucoside o flavanone butin, and isobutrin proved to be the corresponding diglucoside of the related chalkone (91). From the same source palastrin was established as the 3,6-diglucoside of 2-(3,4-dihydroxybenzylidene)-6-hydroxycoumaran-3-one (423). The previous structure of pedicin from Didymocarpus pedicillata was in error and was shown by Seshadri to be 2',5'-dihydroxy-3',4',6'-trimethoxychalkone, one of the rather rare derivatives of pentahydroxybenzene. The derived flavanone was isopedicin, 6-hydroxy-5,7,8-trimethoxyflavanone. Oxidation of pedicin to a quinone with benzoquinone or silver oxide followed by partial hydrolysis led to a neat synthesis of the dihydroxymonomethoxyquinochalkone, pedicin (227, 239).
O O Pedicinin Pongamol
Seshadri provided new methods for the synthesis of carthamidin (5,7,8,4'-tetrahydroxyflavanone) and its isomer isocarthamidin (5,6,7,4 -tetrahydioxyflavanone) isolated from Carthamus tinctorius (251). The yellow carthamin was shown to be 4,3',4',6'-tetrahydroxy-2'-glucosyloxychalkone, and the red colouring matter carthamone to be the corresponding 3',6'-quinochalkone with the glucosyloxy group and hydroxyl groups in the same position. The first natural isoflavone was isolated by Seshadri, padmakastein (5,4'-dihydroxy-7-methoxyisoflavanone) from the bark of Prunus , together with padmakastin which is its glucoside (302). Padmakastin derivates are dehydrogenated with selenium dioxide to prunetin derivatives and the converse is achieved by hydrogenation in the presence of palladium charcoal (498).
Constituents of Pongamia glabra, Psoralen corylifolia and cotton seed
The seed oil of Pongamia glabra is an important plant in Indian folk medicine; it yields karanjin, proved by Spath to be 3-methoxyfurano-(2/,3'-7,8)-flavone. Later investigations by Seshadri yielded several other components, including canjone (6-methoxyfurano-(2',3'-7,8 )-flavone) (620), pongapin (3-methoxy-3',4'-methylenedioxyfurano-(2",3"-7,8 )-flavone), and a (3-diketone pongamol (l-(2-methoxyfurano-(2',3'-4,3)-phenyl)-3-phenylpropane-l,3-dione) (410, 432) . The roots and the stem bark yielded kanugin (S^S'-trimethoxy-S'^'-methylenedioxyflavone) (163), 5'-demethoxykanugin (464) and pongachromene a chromenoflavone, 3-methoxy-3,,4'-methylenedioxy-6",6',-dimethylpyrano-(2,/,3"-7, 8)-flavone (855) . The leaves contain a complex chromenochalkone, glabrachromene (below) (1001). Glabrin is 4,5-dihydroxy-iV-methylpiperidine-2-carboxylic acid (981).
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Glabrachromene
Psoralea corylifolia seeds constitute a well-known Indian drug. Its active principles, psoralen and isopsoralen (angelicin), were studied in the thirties by Spath and shown to be the linear (7,6) and angular (7,8)-furocoumarin, respec tively. Later work by Seshadri led to new methods of synthesis and to the isola tion of new substances from the drug. Following a biogenetic pathway, 6-Cprenyl-or 6-allyl-7-hydroxycoumarin was ozonized and the resulting 6-acet aldehyde cyclized with polyphosphoric acid to give psoralen. Isopsoralen was similarly synthesized from the 8-allyl-7-hydroxycoumarin (510). New compounds isolated from the drug are bavachin (6-prenyl-7,4'-dihydroxyflavanone) and isobavachin (its 8-prenyl isomer), the chalkone (4,2',4'-trihydroxy-5'-prenylchalkone) corresponding to bavachin, and the analogous isobavachalkone (3'-prenyl compound); all have been synthesized (892, 924, 1008) . A new isoflavone, neobavaisoflavone, has been isolated from the seeds and shown to be 3 '-prenyl-7,4'-dihydroxyisoflavone (1022) .
Gossypol, the yellow colouring matter of cotton seed and its oil, has been studied in the U.S.A., India and the U.S.S.R. Its gross structure was established by Roger Adams as a 2,2'-binaphthyl with hydroxyls at the 1-, 6-and 7-positions, a formyl at 8-, a methyl at 3-and an isopropyl at 5-, in each half of the molecule. Seshadri developed a convenient method for obtaining gossypol by precipitating the sparingly soluble anil and heating it with acetic anhydride whereby gossypol hexa-acetate is obtained (143). Adams had observed that gossypol and its deriva tives did not show constant melting point or crystal form. Employing modern methods of separation Seshadri and co-workers isolated hexamethyl ethers and acetates in pure form (1003, 1115) whose n.m.r. spectra showed that in some there were two aldehydic protons, in some only one, and in others none. Ihis is because the hydroxyl and adjacent formyl group can cyclize to form a lactol in one or both rings, and at each lactol carbon atom, two configurations are possible. Hence a total of six methyl ethers and six acetates are theoretically possible. 1 he variation in melting point observed by Adams is ascribed to the presence o different forms of the derivatives, thus giving mixtures. 
Gossypol
Another important aspect of gossypol chemistry is the optical activity of the parent substance and its derivatives. Much light on this was shed by Seshadri s study of gossypol isolated from another plant of the Malvaceae family, populnea. The sulphur-yellow flowers of this plant had earlier yielded flavonoids, but a careful re-examination led to the isolation of gossypol which was dextro rotatory (994), whereas gossypol from the cotton plant is optically inactive, being racemic. The bark and fruits of this plant also contain (+ )-gossypol, whose ethers and acetates are also optically active (1116). Adams had envisaged optical activity being the result of lactol formation and also of restricted rotation about the binaphthyl bond caused by steric hindrance. Treatment of ( + )-gossypol with 40% alkali caused loss of both formyl groups, giving ( + )-apogossypol, which further lost both isopropyl groups on treatment with concentrated sulphuric acid giving (+ )-Jeso/>o-gossypol. These two degraded gossypols, in which lactol ring formation is impossible, were optically active showing that their activity must arise entirely from asymmetry caused by hindrance to free rotation about the 2,2' bond. This receives further support from the observation that the bis-aldehydic form of the hexamethyl ether of (+ )-gossypol (in which there is no lactolic centre of asymmetry) is also optically active. Work in other laboratories has shown that in gossypol the two naphthalene rings are in fact nearly perpen dicular to each other.
Neoflavonoids
Seshadri contributed much to our knowledge of derivatives of the 4-phenylchromans. Dalbergin, first isolated from the heart-wood of Dalbergia sissoo, was shown to be 6-hydroxy-7-methoxy-4-phenylcoumarin (476) . Related compounds isolated from D. sissoo were the 6,7-dimethoxy-, 6,7-dihydroxy-and 6-meth 7-hydroxy-4-phenylcoumarins, and from Dalbergia latifolia was isolated the optically active latifolin, 2,4-dimethoxy-5-hydroxyphenyl-2'-hydroxyphenylvinylmethane. A closely related compound is dalberginone, a-vinyl-2-benzyl-5-methoxy-l,4-benzoquinone, occurring with the R configuration in D. latifolia and with the S configuration in D. sissoo. Dalbergichromene, 6-hydroxy-7-methoxy-4-phenyl-3-chromene, was isolated from D. sissoo heart-wood (979). A 4-phenylcoumarin obtained from the tropical medicinal tree Calophylum inophyllum is ponnalide, a 7-hydroxy-4-phenylcoumarin with an a-methylbutyroyl side chain at position 8 and a 2',2'-dimethylchromene ring fused to the 5,6-positions constituting a chromeno-(6',5'-5,6)-coumarin (991). 
Ponnalide
Cyanomaclurin and pterocarpin An almost classical problem was posed by cyanomaclurin from the Indian jack fruit tree (
Arto-carpus h e t e r o p h y l l u s ) .
It was recognized long ago as a leucoanthocyanidin derivative by Robinson, who regarded it as a hemiketal. The correct structure was arrived at on the basis of n.m.r. studies independently by Seshadri and by Venkataraman; it is now known to be 4,2'-oxido-3,5,7,4'-tetrahydroxyflavan. This structure was supported by Seshadri's synthesis of related structures and finally of cyanomaclurin trimethyl ether (728).
OH H O Cyanomaclurin Pterocarpin
The pterocarpans, e.g. pterocarpin, are obtained mostly from the heart-woods of trees, perhaps most importantly Pterocarpus Their structures have been deduced largely as the result of spectral studies. The first members of this group, pterocarpin and homopterocarpin, were isolated more than a hundred years ago and their structures established in 1940, but their synthesis was not achieved till the 1960s when the necessary precursors, the 2 -hydroxyisoflavones, became available. Treatment with sodium borohydride reduced the carbonyl group and the 2,3 double bond, giving an isoflavan-4-ol, which spontaneously cyclized in presence of acid giving the pterocarpan skeleton. Employing this method a number of variously substituted pterocarpans were synthesized including a racemate of homo-pterocar Santalin pigments The complex red pigment santalin obtained from the heart-wood of the forest tree Pterocarpus santolinus was found by Seshadri to be a mixture of two major components, santalin-A and santalin-B. They give the same permethyl ether, and this has been shown by extensive degradative studies to be made up of two linked C9 and C6 units, as shown in the structural formula below. Santalin-A has three methoxy and five hydroxy groups, and santalin-B has four methoxy groups. Ethylation and degradation enabled Seshadri to assign positions to all the methoxyl groups (1066, 1098).
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Flavonolignans and C-glycosides
The flavonolignans are flavonoids to the phenyl group of which is attached a C9 unit. From the seed hulls of Hydnocarpus Seshadri isolated a new member of the group, hydnocarpin, which was closely studied and shown (1067) to possess the complex structure below; it is a derivative of 1,4-dioxan. The same material also yielded the isomer isohydnocarpin which has a dihydrofuran instead of a dioxan ring (1084). A third flavonolignan isolated from the seed hulls of H. wightiana was shown to be a methoxyhydnocarpin (1087).
The first C-glycoside to be investigated by the Seshadri school was mangiferin from the mango tree ( M a n g ifera in d ica ) and other plants. It was shown (777) t 2-C-(3-D-glucopyranosyl-l,3,6,7-tetrahydroxyxanthone, and was synthesized from 1,3,6,7-tetrahydroxyxanthone and tetraacetyl-a-D-glucopyranosyl bromide, the sugar entering the most reactive 2-position (822). Two new C-glycosides from 
Chemistry of lichen substances
Seshadri was a pioneer of lichen studies in India. His investigations began in the thirties at the Andhra University and concerned lichens from South India, Ceylon and some countries of southeast Asia; the survey was extended to lichens of the Himalayas after he moved to Delhi. Several new compounds were discovered, their structures established and syntheses effected in most cases. Montagnetol from Rocella montagnei proved to be the erythrityl ester of orsellinic acid (100). It occurs in optically active and inactive forms (109). Erythrin was similarly shown to be the erythrityl ester of the didepside lecanoric acid (112). Montagnetol and erythrin were both synthesized. Teloschistin present in Teloschistes flavicans was shown by Seshadri to be 4,5-dihydroxy-2-hydroxymethyl-7-methoxyanthraquinone (287) and it was synthesized from the related 2-methyl compound physcion (449). The same lichen also contains the related 2-aldehyde fallacinal and a chlorine-containing depsidone vicanicin (536, 602) .
Virensic acid from Alectoria virens was shown to be a depsidone acid of which the well-known depside atranorin is the methyl ester (579). Lepraria citrina yielded leprapinic acid, a pulvinic and a tetronic acid derivative having the structure shown above (434). It was synthesized by the methanolysis of omethoxypulvinicdilactone (463). Another lichen product, pinastric acid, which had earlier been given an incorrect structure was shown by Seshadri to be methyl-4,-methoxypulvinate (627). Thelephoric acid, an earlier known com pound from Labaria isidosa and to which an incorrect structure had been assigned, was shown to be the symmetrical terphenyl quinone shown below (538, 563). Pyxiferin from Pyxine coccifera was characterized as a tetrahydroxymonomethyl-2,2'-di-p-benzoquinone (677).
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The synthesis of di -and tridepsides was simplified by Seshadri and co-workers by the application of condensing agents used in peptide synthesis, namely dicyclohexylcarbodiimide, carbonyldiimidazole and trifluoroacetic anhydride, and in this manner lecanoric acid and evernic acids (582), atranorin (603) and gyrophoric acid (876) were synthesized. Other notable syntheses of lichen com pounds are those of thamnolic acid (492), diploschistesic acid (527), diploicin (649), thiophanic acid (838) and lichexanthone (360).
Theories of biogenesis
From the foregoing account it will be evident that the exceptionally wide range of Seshadri's work on the isolation and determination of structure of plant products gave him a unique opportunity to consider their inter-relationships and biogenesis. The great volume of evidence on which he could call gave weight to any such suggestions, some of which were corroborated by synthetic work in his own laboratories and by radioactive tracer studies elsewhere. Certainly Seshadri used the ideas in designing synthetic operations and in quickly arriving at the most probable structures of natural products.
The early speculations regarding anthoxanthins (138) were an extension of Robinson's theory of the parallel origin of the anthoxanthins from a common precursor derived from a C6 and a C9 unit, and involved ideas of sequential evolution by processes of nuclear oxidation, reduction and methylation. Schemes were suggested for the biogenesis of anthocyanins (604), depsides and depsidones (145), xanthones (583), benzoquinones(539), naphthoquinones including binaph thyls like gossypol and perylene quinones (584), anthraquinones (564) and mould metabolites (389). In all these the orsellinic acid C8 unit has been assigned a key role (404). Other groups about whose origins Seshadri speculated are naturally occurring tetronic acid derivatives (541), 3-and 4-phenylchromans and benzophenones (489), stilbenes and phenylisocoumarins (490), the C5 unit in plants (510), pulvinic acid derivatives (468) and mould tropolones (442). Last came the speculations on neoflavonoids (1024) and a revised biogenesis of xanthones in Guttifearae according to which the xanthone arises from a 5-hydroxy-4-phenylcoumarin (999). This may undergo oxidative cyclization between the 5-hydroxyl and 2'-position, followed by ring opening and elimination of C2 and C3 of the coumarin ring. 
